In this paper, a fast computation algorithm for the two-dimensional discrete cosine transform (2-D DCT) is derived based on index permutation. , the derivation of the refined algorithm is more succinct, and the associated postaddition stage possesses a more regular butterfly structure. The regular structure of the proposed algorithm makes it more suitable for VLSI and parallel implementations.
Introduction
Since DCT approaches the statistically optimal Karhunen-Loeve transform (KLT) for highly correlated signals. It has found wide applications in speech and image processing as well as telecommunication signal processing for the purpose of data compression, feature extraction, image reconstruction, and filtering. Thus, many algorithms and VLSI architectures for the fast computation of DCT have been proposed [ 1 1461.
Among those algorithms, [5] and [6] are believed to be the most efficient 2-D DCT algorithms in the sense of minimizing any measure of computational complexity. However, the main drawbacks of these algorithms are the requirements of complex computation for [5] and complicated matrix decomposition for [ 61. Moreover, the non-modularized structure of these algorithms may complicate the design and control of the concurrent VLSI implementation.
Recently, Cho and Lee [7] proposed a fast modularized DCT algorithm, in which an (NxN)-point 2D DCT could be obtained by computing N N-point l-D DCT's and a post-addition stage. In a later work [9], they also provide regular expressions for the input-output relations of the post-addition stage. However, the number of required additions is increased as an expense for improving the regularity in the structure.
Based on the idea of [7] , in this paper, an index permutation based algorithm for computing the 2-D DCT is proposed. Although the resulant computational complexity is the same as that of [7] , the derivation of the refined algorithm is more succinct, and the post-addition stage of the refined algorithm has a more regular butterfly structure. O<mlN-1, Oln<N-1, (1-1) and
For convenience, the normalization factors cm and cn are not included in the following derivations. Thus, the denormalized 2-D DCT can be expressed as
After some permutation of the input data sequence [2] , eqn. (2) can be written as and OlmlN-1, OlnlN-1 (7-1) and
OIm5N-1, OinlN-1.
(7-2)
where <x>N denotes x modulo N.
For the simplicity of notation, (1 1-1) and 
IV. Conclusion
A new index-permutation based 2-D DCT algorithm has been presented in this paper. The succinct derivation of the proposed algorithm make it more easy to describe the processes o f : how to map one 2-D DCT into a number of 1-D DCT's. Moreover, the structure of the post-addition stage of the proposed algorithm is more regular than that of [7] , and a systematic approach for constructing the post-addition stage has also been described. 
